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CONTENT OF MANGANESE IN SOILS
OF THE ALAKOL HOLLOW

Abstract. The soils of the Alakol depression are investigated. The physical and chemical properties of brown,
meadow-brown and gray-brown soils, meadow saline, sands of ridge-hummocky half-fastened, marshy (flood plain)
soils, also the gross content and concentration of the mobile form of manganese (Mn) are considered. The concen-
tration of the clements was studied by profiles of soils. The gross content and concentration of the mobile form of
Mn in soils were determined by the atomic absorption method. The statistical processing of the obtained data was
carried out by N. A. Plokhinsky using Microsoft Excel. The level of the concentrations of the element under investi-
gation is estimated, and the character of its intra-profile distribution is considered. The coefficients of the correlation
dependence of manganese content on the physicochemical properties of soils are calculated. Investigations were
carried out to determine the content of total manganese and its exchange form in soil-forming rocks and soils of the
Alakol depression, and their ecological and geochemical assessment was given. Specifically, the content and dis-
tribution of gross manganese in soils and the correlation dependence on the clay fraction, carbonates, pH of the
medium. It was revealed that in the mobile pool of manganese compounds in soils, the share of the mobile form
accounts for 10.5% of the gross content. The information obtained on the content and accumulation of manganese
reflects the patterns of distribution of Mn in the desert soils of the Alakol depression. Their basic physicochemical
properties, the gross content and the exchange (mobile) form of Mn are determined.

Key words: soil, chemical elements, heavy metals, manganese, gross content, exchange form, background con-
tent.

Introduction. Soil is a specific component of the biosphere, a poly-phase, multi-component, poly-
disperse and poly-functional open system possessing significant buffering due to the aggregation of na-
tural properties including chemical pollution by heavy metals [1]. One of the ecological characteristics of
heavy metals is the knowledge of the normal (background) content in soils and parameters of its possible
technical genetic pollution. The knowledge of the level of the background content of heavy metals
including manganese in soils has a significant practical importance for the development of the strategy of
the rational nature use and improvement of the organization of the soil geo-chemical monitoring.

Manganese in plants participates in the breathing process, nitrogen metabolism, protein biosynthesis,
and others. In animal organisms, manganese is essential for normal insulin secretion, reproduction, skele-
tal development, central nervous system functioning and more. According to various researchers data,
manganese is a component of more than 10 enzymes that catalyze a variety of metabolic processes [2, 3].

The soil cover of the Alakol hollow is rather different, but the element-chemical structure is studied
little and demands the ecological- geochemical research as far as the territory has the economical valuable
and recreational significance. The soils of the Alakol hollow are used mainly as the land for pastures and
haymaking,
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The research objective is to study inside the profile and spatial distribution of manganese and its
mobile forms in soils of the Alakol hollow.

Methods. The Alakol hollow occupies the inter-mountainous lake hollow between the mountainous
system of Tarbagatay, Barlyk and Zhetysu (Dzhungar) Alatau in the eastern part of Kazakhstan. In the
west the hollow is attached the eastern part of Lake Balkhash, in the south-east - to the foundation of Lake
Ebinor, situated in China.

The objects of the research are soil-forming rocks and the spreading soils of the Alakol hollow:
brown, meadow-brown and grey-brown soils, grey soils (sierozems), meadow saline soils. There were also
studied the sands of the bed-lumped, semi-fixed, marshy (flood-marshy) soils situated on the low banks of
Lake Alakol. The soil cover of the Alakol hollow is represented mostly by deserted types.

The study of the concentration of the elements was conducted on the profiles of the soils. The content
of the gross and the concentration of the mobile form of manganese in the soils were defined by the
atomic-absorbing method with the use of the spectrometer «<AAC KBAHT-2A», The physical- chemical
properties of the soils were defined by the general methods used in soil-studying.

The statistical processing of the received data in the course of the research was conducted with the
use of the program of Microsoft Excel on N A. Plokhinsky [4].

While working up the data there were used the following statistical indices: n-the number of tests;
X = SX - medium arithmetic and its mistake; (mg/kg); Cy — coefficient of variation (%); lim — limits of
variations (mg/kg); o — standard declining (mg/kg); r — coefficient of correlation.

Results and their discussion. The surface of the alluvial plain of the Alakol hollow is composed of:
clay, loam, sand and less of crushed stone pebbled material. The foot-hill plain of the ridges of Barlyk and
Maily is composed mostly of boulder- pebbled deposits mixed with crushed-stony sands and also in the
Alakol hollow there are sands, which are usually composed of the sorted medium- and small grainy quatz-
field spar sands.

The manganese content in the parent rock material of the investigated region varies from 189.90 to
664.60 mg/kg. The highest concentration of manganese is found in clay-loam and sandy-loam parent rock
materials. Low concentration of manganese is typical for sandy parent rock material.

As the results of the research showed, the average content of humus in the soils of the Alakol hollow
in the horizon (A) is 1.52 %; varying within the limits of 0.10- 3.41 %. The content of carbonate in the
humus horizons varies within the limits of 0.53-18.55 %. The reaction of the soil solution in the upper
horizons is strongly alkaline (pH water within the limits of 8-9.8). The average content of the muddy
fraction on the whole profile of the soils is 12.82 % and varies within the limits of 0.16-30.86 %.

The total manganese in soil of humus-accumulative horizon varies from 354.40 to 749.40 mg/kg, in
average equal to 500.21 mg/kg. According to health-based exposure limit found average content is3 times
lower and total content is 1500 mg/kg [2].

In soil horizon of Alakol hollow the gross manganese content is evenly distributed. Sands, brown
mean clay-loam and gray-brown clay-loam soils achieve the elements content level of parent rock material
(diagram).

As we see in table 1 the maximal average content of total manganese is typical for meadow-brown
sandy-loam soil and minimal average content of total manganese is typical for meadow-brown light-clay-
loam soils.

In brown loamy soils down the horizon decreasing of the element content is seen from 716.8 to
465.5 mg/kg, and also is visible an interaction with humus content decreasing. The humus (r=0.99) has a
great impact on behavior of the element in considered soils.

An average content of manganese in meadow-brown sabulous soils equal to 671.42, and variation
coefficient for meadow-brown sandy-loam soil is 6.92%. Correlation relationship with humus is positive
and strong (r=0.83).

Total manganese content in grey-brown highly skeletal sabulous soils varies from 621.95 to
654.10mg/kg, variation coefficient — 2.55%, average concentration — 636.77mg/kg. The element content is
decreased down the horizon, a strong invert correlation with humus is seen (r=-0.99).

Total manganese content in grey soils varies from 414.6 to 531.40 mg/kg, variation coefficient equal
to 12.36%, average concentration — 472.68 mg/kg. A high positive connection with humus is made
(r=0.89).
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Gross manganese content in humus plane (A) and pedogenic stratum plane (C) diagram for Alakol hollow soils:
1 - Meadow-brown light-loamy soils; 2 - Brown medium-loamy soils; 3 - Brown loamy soils; 4 - Light-loamy grey land,
5 - Meadow-brown sabulous soils; 6 - Grey-brown highly skeletal sabulous soils; 7 - Overtlow-marsh soils;
8 - Ringe-uneven half-durable sands; 9 - Sands desert-steppe durable; 10 - Meadow heavy heavy sabulous saline soils.
The average content and the limits of varying of manganese in the soil cover of the studied territories are presented in table 1

Table 1 — Content of gross manganese in soil cover of the Alakol hollow

. lim X+ S% o

# Soils n c o
mg/kg %

1 Meadow-brown light-loamy soils 5 169,9-364,55 265,77+£37,60 8423 31,69
2 Brown medium-loamy soils 5 309,6-598,40 480,31+£56,97 127,61 26,57
3 Brown loamy soils 5 466,5-716,80 591,32+49.55 110,99 18,77
4 Light-loamy grey soils 3 414,6-531,40 472 68+£33,76 58,40 12,36
5 Meadow-brown sabulous soils 5 629,35-749,40 671,42+20,73 46,44 6,92
6 g)ri‘z'b“’“m highly skeletal sabulous 3 621,95-654,10 636,77+9,38 1622 | 255
7 Overflow-marsh soils 3 274,65-359,80 314,74+11,90 29,17 9,27
8 Ringe-uneven half-durable sands 4 354,4-369,90 358,40+3,83 7,67 2,14
9 Sands desert-steppe durable 5 404,6-429,50 410,55+4,82 10,79 2,63
10 Meadow heavy sabulous saline soils 4 289.9-364,80 331+16,60 33,19 10,03

Morphological horizon of sands is characterized by weakly separated genetic horizons, ashy struc-
ture, and fluffy consistency. There is seen an equal element content in sands down the horizon. Total man-
ganese content in sands varies from 354 .4 to 369.90 mg/kg, average concentration equal to 358.40 mg/kg,
variation coefficient is 2.14 mg/kg.

In the horizon of marshy soil total manganese content varies from 274.65 to 359.80 mg/kg, variation
coefficient — 9.27%, average concentration — 314.174 mg/kg. Correlation connection with humus is
positive with mean power (r=0.74).

Total manganese content in meadow heavy sabulous saline soils varies from 289.9 to 364.80 mg/kg,
average concentration 33 mg/kg. Concentration of manganese is in direct dependence of humus (r=0.86).

The concentration of moving forms of manganese in soils varies between 8.9-149 mg/kg; the average
concentration of this form is 47.26 mg/kg. Mobile manganese in the soil horizon distributes ambiguously,
however, large differences between horizons is not seen. It should be noted that the higher concentration
of moving manganese in lower horizons are situated in most studied soils. The lowest values of the avera-
ge content of mobile forms of manganese are found in the ringe-uneven half-durable sands— 26.15 mg/kg
and in meadow heavy sabulous saline soils — 24.02 mg/kg. The highest mobile forms manganese content
is typical for marshy soils with concentration of 124.33 mg/kg and for the meadow-brown light-loamy
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soils with concentration of 51.10 mg/kg. Correlation between the mobile form of the manganese and its
gross content in most cases is inverted (r — from -0.33 to -0.99), humus (r — from-0.34 to -0.94) — reverse
to the weak and average power. In most soils, the correlation between mobile forms manganese and pH
medium is positive to the strong and average power(r — from 0.58 to 0.94). Between carbonates and man-
ganese mobile forms a positive relationship of strong power is visible only in the meadow heavy sabulous
saline soils (r-0.89). The content of mobile forms manganese has a reliable direct connection of strong
importance with silt fraction in the light-loamy grey soils =0.93, grey-brown highly skeletal sabulous
soils (r =-0.89).

According to «Classification of soils on the content and the degree of pollution by moving forms of
heavy metal compounds» [5], based on detected concentration of mobile form of manganese in soils, the
Alakol hollow can be considered as unpolluted soils with an average content of this metal.

Resume:

1. There were conducted researches on determination of total manganese concentration and its
mobile forms in parent rock materials and soils of Alakol hollow, and were evaluated ecologically and
geochemically.

2. In most cases the content and distribution of the total manganese content in soils and correlation
dependence from the clay fraction, carbonates, pH of medium has reversed character or has a connection
of weak power.

3. In the exchangeable bank of manganese compounds in the soil the share of mobile forms is 10.5%
of the total content.
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AJIAKO.JI OMBICBIHBIH|
TONBIPAK KYPAMBIHIAFBI MAPTAHEIL

AHHOTAIHS. ATAaKe] OMBICHIHBIH TOIBIPAKTApHI 3epTTenarcH. Kyba, manFelHab-Ky0a, cyp-KyOa, Cyp TOIBIPAK,
MIATFBIHABL COPTaH TOMBIPAK, TOOCMIKTI-TI30EKTI KyMaap, OaTmakThl TONBIPAKTAPABIH (PH3HKAIBIK-XUMILIIBIK Ka-
cuerrepl asbIkTanFaH. COHbIMEH Oipre MBIPHIITHIH (M) *KaJImbl KIHE KO3FAIMAaIbl KOHICHTPAIMCH KAPACTHIPBII-
FaH. DJECMCHTTECP KOHICHTPAIMACHIH AHBIKTAY TOIBIPAK KECKiHI OOMBIHIIA >Kypriziaai. MeipsnuTeiH (Mn) >kamms
JKOHE KO3FAIMAITBI KOHIICHTPAUACH aTOMIBI-a0COPOIHOHIBIK 9IICIICH aHBIKTAIABL. AJTBIHFAH MoiMeTrTep Microsoft
Excel 0argapnamacer kemeriMeH H.A. TInoXuHCKHE OOHBIHIIA CTATHCTHKAIBIK OHACY KYprizimmi. KapacTeipsursin
OTBHIPFAH 3JICMCHT MOJIICPIHIH JCHICHiHEe Oara Oepimil, TOMBIPAK KECKIHIHIC Tapaiy EpeKIICTIKTEPl KapacThIPhII-
FaH. MBIPBIITHIH TONBIPAKTHIH (PH3HKANBIK-XUMISLIIBIK KOPCETKIMTEPIHE OAHTAHBICTHI KOPPEAIMSUIBIK TIYCIALTIK
ro3(puimenTTepi ecenreni. ATaKkes OWBICHIHBIH TONBIPAKTAPHIHA KOHE AHAIBIK TAY *KBIHBICTAPBIHIA MBIPBIIITHIH
SKaITIBI JKOHE KOBFAJIMAJIbl MOJIIIEPIH aHBIKTAY 3EPTTEY YKYMBICTAPHI JKYPTi3il, SKOJIOTHIIBIK-XUMHUSIIBIK Oara Oepin-
1i. TOmBIpaKTaFs! >KaJITbl MBIPHIIITHIH MOJIIICPI MCH TAPANYhl AaHBIKTAIBI JAiel (hpakuma, kapdoHarrap, pH opra-
CBIHA OAMJIAHBICTBHI KOPPEILILISIIBIK TOYCIAIIK AHBIKTAIIBL. TOMBIPAKTAFbI MBIPHIIT KOCHLTBICTAPBIHBIH KO3FAIMAIIbI
KOPBIHAAFBI KO3FaIMaibl (jopMara >kamsinsl MexmepacH 10,5% tuecini exenziri aHbIKTanabsl. MBIPBIITHIH MeIIepi
MEH JKHHAKTATY bl OOHBIHINA AJBIHFAH MATIMETTEP Mn Anaken OHBICHIHAAFBI II6J XKOHE MISJNCHT TOIBIPAKTAPBIHIA
Tapany 3aHIBUIBIKTAPBIH Kepcereai. TOmBIPAKTApPABIH HETITl (DH3HKAIBIK-XHMHAATBIK KACHCTTCPI AHBIKTAJIBIN,
MBIPBIIITHIH YKAJIBI )KOHE KO3FAIMATBI MOIIICPIHEC CHITTTAMa OCpiai.

Tyiiin ce3mepi: TOMBIPAK, XUMISIIBIK JJIEMEHTTED, AYBIP METAIIAP, MBIPBIMI, JKAIIBI MOIIICPi, KO3FAIMAIIbI
(opmacsl, GoHABIK MeIIIE].
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COJAEP)KAHHUE MAPT'AHIIA B IIOYBAX
AJJAKOJBbCKOHU BITAJWHbI

Annoramus. MccieqoBaHsl MOYBBI AJIAKOIBCKOH BHAAWHBL PacCMOTpPeHBI (DM3HKO-XHMHYCCKHE CBOMCTBA
Oy PBIX, JIyTOBO-OYPBIX M CEPO-OyPBIX IOUBBI, CEPO3EMOB, COJIOHYAKOB JIYTOBBIC, IECKOB IPAI0BO-OYTPUCTHIX ITOJIY-
3aKPCIUICHHBIX, TUIABHCBO-00IOTHBIC (IOHMCHHBIC OOIOTHBIC) TOYB, TAKKS COACP/KAHUC BAJIOBOH H KOHIICHTPALHI
noABIKHOH (popmbl Mapranma (Mn). M3yueHwe KOHIICHTpAIHMH 3JCMEHTOB NMPOBOJWINCH MO HMPO(HIIM ITOYB.
ConepskaHune BaJOBOTO W KOHICHTPALMIO TOABIKHON (popMbI Mn B MOYBAX ONMPEICIATH ATOMHO-a0COPOIIHOHHBIM
MeTomoM. [IposeacHa craTHCTHYCCKAs 00pPabOTKA MOJYUCHHBIX JAHHBIX mpoBoamiach mo H.A. TTnoxwHCKOMY C
HCTOTB30BaHUEM mporpammbl Microsoft Excel. JlaHa OICHKA YPOBHA KOHIICHTPALHH HCCICAYECMOTO JJICMCHTA,
PAcCMOTPEH XapakTep €ro BHYTPHIPO(HIBHOTO pacmpeneincHusl. PaccumTanbl KOA(Q(QUIMEHTH KOPPEIIHOHHON
3aBUCHMOCTH COACP/KAHMS MAapraHna OT MOKazaTeleH (M3MKO-XMMHUYECKHX CBOHCTB IO4UB. [IpoBemeHBI mccrieno-
BaHMS IO OTIPEJCICHUIO COACPKAHMUS BAIOBOTO MAPTaHNA U €T0 0OMECHHOH (JOPMBI B TOYBOOOPA3YIONIMX MOPOAAX H
MoYBax AJIAKOIBCKOH BIIAJWHBI, TaHA MX 3KOJIOTO-TCOXMMHYECKAA OleHKA. ONPEaeIHO COACPKAHNE H PaCIIpecic-
HHUC BAJIOBOTO MAapraHIa B MOYBAX W KOPPEILILMOHHAS 3aBHCHMOCTb OT WIIMCTOM (pakimu, kapboHaTos, pH cpesl.
Brrasieno, uTo B MOOMIEHOM (DOHIC COCAMHCHHUI MAPTaHNA B IIOYBAX HA JOJIO MOABIKHOMN (DOPMBI IPUXOAUTCS —
10,5%, ot BamoBOTO coacpkaHus [10MyUCHHBIC CBSACHHA TI0 COACPKAHHIO M HAKOIICHHIO MAPTAHIIA OTPAKAIOT 3a-
KOHOMEPHOCTH PACIIPEACICHIS Mn B MOy CTHIHHBIX U IYCTHIHHBIX IIOYBAX AJAKOIBCKOM BraauHbl. OmpeneacHb
HX OCHOBHBIC (DH3MKO-XHMHYCCKHC CBOHCTBA, BAIOBOC COACPKAHIC H OOMCHHAS (TTOABIOKHAA) (popma Mn.

KiroueBbie ci0Ba: 1movuBa, XHMHYCCKHE 3JIEMEHTHI, TSDKEJIbIC MCETAJUIBI, MAPTAaHEI, BAJOBOC COACPKAHHE,
obmeHHAag (hopMma, (POHOBOC COACPIKAHUE.
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